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SECTION 17 - SOIL REINFORCED CONCRETE STRUCTURE
INTERACTION SYSTEMS

17.1 GENERAL

17.1.1

Scope

Specifications in this section govern the design of
| buriedreinforced concretestructures. A buriedreinforced
concrete element becomes part of a composite system
comprising the reinforced concrete section and the soil
envelope, both of which contribute to the structural
behavior of the system.

17.1.2

A =

Ap =

AS =

As =

Ag) =

Ay =

Ays =

AWI' =

Notations

effective tension area, in square inches, of
concrete surrounding the flexural tension
reinforcement and having the same centroid
asthat reinforcement, divided by thenumber
of barsor wires. Whentheflexural reinforce-
ment consistsof several bar sizesor wiresizes,
thenumber of barsor wiresshall becomputed
asthetotal areaof reinforcement divided by
the areaof thelargest bar or wireused. (Ar-
ticles17.6.4 and 17.7.4)

total active lateral pressure acting on pipe,
Ibs/ft (Figure 17.4G)

tensionreinforcement areaonwidthb, in.2/ft.
(Articles 17.4.6.6, 17.6.4.7, 17.7.4.7 and
17.8.5.7)

total area of inner cage reinforcement re-
quired in length b, in.2/ft (Article 17.4.6.6)
total area of outer cage reinforcement re-
quired inlength b, in.2/ft (Article 17.4.6.6)
stirrupreinforcement areatoresistradial ten-
sionforceson width b, in.2/ft. in eachline of
stirrupsat circumferential spacings(Article
17.4.6.6.6.1)

required area of stirrupsfor shear reinforce-
ment,in.2(Article17.4.6.6.6.2)

actual steel areaof theindividual circumfer-
ential wire, in.2 (Article17.4.7)

steel arearequired for anindividual circum-
ferential wirefor flexureat aspliceor at the
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point of maximum moment for quadrant mat
reinforcement, in.2(Article17.4.7)

width of section which resists M, N, V—
Usually b=12inches (Article 17.4.6)
out-to-out horizontal span of pipe, or box, ft
(Articles17.4.4and 17.4.5)

bedding factor (Article 17.4.5)

earth load bedding factor

live load bedding factor

crack control coefficient for effect of cover
and spacing of reinforcement (Article17.4.6)
out-to-out vertical rise of pipe, ft (Figure
17.4G)

constant corresponding to the shape of pipe
(Article17.4.5)

parameter whichisafunction of thedistribu-
tion of the vertical load and the vertical
reaction (Article17.4.5)

crack control coefficient for type of rein-
forcement (Article17.4.6)

distancefrom compressionfaceto centroid of
tensionreinforcement, in.(Articles17.4.6.6,
17.6.4.7,17.7.4.7and 17.8.5.7)

diameter of reinforcing wire or bar, in. (Ar-
ticle17.4.7)

thickness of concrete cover measured from
extremetension fiber to center of bar or wire
located closest thereto (Articles 17.6.4 and
17.7.4)

D-load of pipe, three-edge bearing test load
expressed in pounds per linear foot per foot
of spanto producea0.01-inch crack (Article
17.4.5)

inside diameter of pipe, in.

maximum allowableserviceload stressinthe
reinforcing steel for crack control (Articles
17.6.4.7,17.7.4.7and 17.8.5.7)

actual serviceload stressinreinforcing steel
(Articles17.6.4.7,17.7.4.7 and 17.8.5.7)
maximum allowablestrength of stirrup mate-
rial, Ibs./in.2(Article17.4.6.6.6)

specified yield strength of reinforcement,
Ibs./in.2 (Article 17.4.6)
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factor for effect of curvature on diagonal
tension (shear) strength in curved compo-
nents(Article17.4.6.6.5)

factor for adjusting crack control relativeto
average maximum crack width of 0.01 inch
whenF=1.0(Article17.4.6.6.4)

factor for crack depth effect resulting in in-
crease in diagonal tension (shear) strength
withdecreasingd (Article17.4.6.6.5)
soil-structure interaction factor (Article
17.4.4)

factor for process and local materials that
affect the radial tension strength of pipe
(Article17.4.6)

factor for pipe size effect on radial tension
strength (Article 17.4.6.6.3)

factor for process and local materials that
affect the shear strength of pipe (Article
17.4.6.6.5)

coefficient for effect of thrust on shear strength
(Article17.4.6.6.5)

design compressivestrength of concrete, Ibs./
in.2 (Articles17.4.6,17.6.2,and 17.7.2)
overall thicknessof member (wall thickness),
in. (Articles17.4.6.6,17.6.4.7,17.7.4.7 and
17.8.5.7)

height of fill above top of pipe, ft. (Articles
17.4.4 and 17.4.5)

horizontal arching factor (Figure 17.4A)
coefficient for effect of axial forceat service
load stress, fs (Articles 17.4.6.6.4, 17.6.4.7,
17.7.4.7and 17.8.5.7)

coefficient for moment arm at service load
stress, fs(Articles17.4.6.6.4,17.6.4.7,17.7.4.7
and 17.8.5.7)

ratio of theactiveunit lateral soil pressureto
unit veritcal soil pressure- Rankine’ scoeffi-
cient of activeearth pressure (Figure 17.4G)
development length of reinforcing wire or
bar,in(Article17.4.7)

factored moment acting onlength b asmodi-
fiedfor effectsof compressiveor tensilethrust,
in-1bsg/ft (Article 17.4.6)

moment acting on cross section of width, b,
service load conditions, in.-lbs/ft (taken as
absolutevalueindesign equations, always+)
(Articles 17.4.6.6.4, 17.6.4.7, 17.7.4.7 and
17.8.5.7)

factored moment acting on cross section of
width b, in.-1bs./ft. (Article 17.4.6.6)
number of layersof reinforcement in acage-

Ns

Ny

P'O

I's

Sy

tp
Vp

Ve

We
Wi
WL

Wr

lor2(Article17.4.6)

axial thrust acting on cross section of width
b, service load condition (+ when compres-
sive,-whentensile) Ibs./ft. (Articles17.4.6.6.4,
17.6.4.7,17.7.4.7and 17.8.5.7))

factored axial thrust acting on cross section
of width b, Ibs./ft. (Article 17.4.6)
projectionratio (Article 17.4.5.2)

PL denotes the prism load (weight of the
column of earth) over the pipe's outside
diameter, Ibs/ft

ratio of the total lateral pressureto thetotal
vertical load (Article 17.4.5)

radiusof theinsidereinforcement, in.(Article
17.4.6.6.3.1)

circumferential spacing of stirrups, in. (Ar-
ticle17.4.6.6.6)

spacing of circumferential reinforcement, in.
(Articles17.4.6.6.4and 17.4.7)

internal horizontal span of pipe, in. (Articles
17.4.5 and 17.4.6)

clear cover over reinforcement, in. (Article
17.4.6)

basi c shear strength of critical section, |bs./ft.
whereM /V ,d=3.0(Article17.4.6.6.5)
nominal shear strength provided by width b,
of concrete cross section, |bs./ft.
(Article17.4.6)

factored shear forceacting on crosssection of
width b, Ibs./ft. (Article 17.4.6)

factored shear forceat critical section, [bs./ft.
whereM /V ,d=3.0(Article17.4.6.6.5)
vertical archingfactor (Article17.4.4.2.1.1)
unit weight of soil, Ibsper cubicfoot (Article
17.4.4)

total earthload onpipeor box, Ibs/ft (Articles
17.4.4 and 17.4.5)

fluid load in the pipe as determined accord-
ingto Article 17.4.4.2.2, Ibs/ft

total liveload on pipeor box, Ibs/ft (Articles
17.4.4 and 17.4.5)

total load, earth and live, on pipeor box, |bs/
ft (Article17.4.4and 17.4.5)

parameter which isafunction of the area of
thevertical projection of thepipeover which
lateral pressureiseffective (Article 17.4.5)
central angle of pipe subtended by assumed
distribution of external reactiveforce(Figure
17.4F)

ratio of reinforcement areato concrete area
(Article17.4.6)
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fr = strengthreductionfactorforflexure(Articles
17.4.6.3and 17.4.6.6)

strength reduction factor for radial tension
(Article17.4.6.3and 17.4.6.6)

strength reduction factor for shear (Article

17.4.6.3and 17.4.6.6)

fr =

fv =

17.1.3 Loads

Design loads shall be determined by the forces
actingonthestructure. For earthloadsandliveloads, see

+ 1 Section 6. For loading combinations see Article 3.22.

+

+

+

+ + +

17.1.4 Design

Design shall be based on ultimate strength principl es.
The design criteria shall include structural aspects (e.g.
flexure, thrust, shear), handling and installation, and
crack control. Footing design for cast-in-places boxes
and arches shall be in conformity with Article 4.4.

17.1.5 Deleted
17.1.6 Soil

Structural performanceisdependent on soil structure
interaction. The type and anticipated behavior of the
material beneath the structure, adjacent to the structure,
and over the structure must be considered.

17.1.7 Abrasive or Corrosive Conditions

Whereabrasiveor corrosiveconditionsexist, suitable
protective measures shall be considered.
17.1.8 End Structures

Structures may require special consideration where
erosion may occur. Skewed alignment may require spe-
cial end wall designs.

17.1.9 Deleted

17.2 SERVICE LOAD DESIGN

Service load design shall not be permitted for the
design of reinforced concrete cul vert structures. Service
load stresses may be used for crack control only.
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17.3 LOAD FACTOR DESIGN

17.3.1 Soail-reinforced concrete structure in-
teraction systems shall be designed to have design
strengths of all sections at least equal to the required
strengthscal culated for thefactored | oadsasstipulatedin
Article 3.22, except as modified herein.

17.3.2 For precast reinforced concrete circu-
lar pipe, elliptical pipe, andarch pipe, theresultsof three-
edge-bearing tests may be used in lieu of load factor
design.

17.4 REINFORCED CONCRETE PIPE
17.4.1 Application

This Specification is intended for use in design for
precast reinforced concrete circul ar pipe, elliptical pipe,
andarchpipe. StandarddimensionsareshowninAASHTO
Material Specifications M 170, M 206, M 207, and M
242. Designwall thicknessesother thanthestandard wall
dimensions may be used, provided the design complies
with all applicable requirements of Section 17.

17.4.2 Materials

17.4.2.1 Concrete

Concrete shall conform to Article 8.2 except that
evaluation of f§{ may be based on cores.

17.4.2.2 Reinforcement

Reinforcement shall meet therequirementsof Articles
8.3.1through 8.3.3 only, and shall conformto one of the
following AASHTOMaterial Specifications: M 31, M 32,
M 55, M 221 or M 255. For smooth wire and smooth
welded wire fabric, ayield stress of 65,000 psi and for

deformed welded wirefabric, ayield stressof 70,000 psi
may be used.

17.4.2.3 Concrete Cover for
Reinfor cement

The minimum concrete cover for reinforcement in
precast concretepipeshall belinchinpipehavingawall
thickness of 2 %2 inches or greater and % inch in pipe
having awall thickness of less than 2 ¥z inches.
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17.4.3 Installations

17.4.3.1 Standard Installations

Standard Embankment Installations are presented in
Figure 17.4B and Standard Trench Installations are pre-
sentedinFigure 17.4C; thesefiguresdefinesoil areasand
critical dimensions. Soil types, minimum compaction
requirements, and minimum bedding thicknesses are
listedinTable17.4A for three Standard Embankment and
Trench Installation Types.

17.4.3.2 Deleted

17.4.4 Design
17.4.4.1 General Requirements

Design shall conform to applicable sections of these
specifications except as provided otherwise in this Sec-
tion. For design loads, see Article 17.1.3; for standard
installations, see Article17.4.3.1. Liveloads, W/, shall
be included as part of the total load, W+, and shall be
distributedthroughtheearth cover asspecifiedinArticle
6.5. Other methodsfor determining total load and pres-
sure distribution may be used, if they are based on
successful design practice or teststhat reflect the appro-
priate design conditions.

TABLE 17.4A Standard Embankmentand Trench
Installation Soilsand Minimum Compaction
Requirements

Installation Type Haunch and Outer Bedding

Typel 90% RC Str. Bkfl w/min SE = 30
and max % passing No 200 (75um)
shall be 12
Type2 90% RC Str. Bkfl w/min SE = 25
Type3 90% RC Str. Bkfl

or
85% RC Str. Bkfl w/min SE = 25

EMBANKMENT NOTES:

1. Thebeddingthicknessshall beB./24" minimumbut notless
than 3". If an unyielding material is encountered at the
planned elevation of the bedding, it shall be removed to a
depth of H/50 but in no caselessthan 6" nor morethan 12".
Theresulting trench bel ow the bottom of the bedding shall
be backfilled with Structure Backfill and compacted.

17-4
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TheLower Sideshall be suitable material asdetermined by
the engineer. See Construction Manual.

Soil in the outer bedding, haunch and lower side zones
except for installation Type 3 shall be compacted to at least
the same compaction as the mgjority of soil in the over fill
zone.

Only Type2and 3installationsare availablefor horizontal
elliptical, vertical elliptical and arch pipe.

SUBTRENCHES

A subtrenchisdefined asatrenchwithitstop bel ow finished
grade by more than 0.1H or, for roadways, itstop is at an
elevation lower than 1' (0.3 m) below the bottom of the
pavement base material.

For subtrencheswithwallsof natural soil, any portion of the
lower sidezoneinthesubtrenchwall shall beat least asfirm
asan equivalent soil placed to the compaction requirements
specified for thelower side zoneand asfirm asthemajority
of soil intheoverfill zone, or shall beremoved and replaced
with soil compactedtothespecifiedlevel. SeeConstruction
Manual.

TRENCH NOTES:

1.

Thebeddingthicknessshall beB./ 24" minimum but not less
than 3". If an unyielding material is encountered at the
planned elevation of the bedding, it shall be removed to a
depth of H/50 but in no caselessthan 6" nor morethan 12".
Theresulting trench bel ow the bottom of the bedding shall
be backfilled with Structure Backfill and compacted.
TheLower Sideshall be suitable material asdetermined by
the engineer. See Construction Manual.

Thetrenchtop elevation shall benolower than 0.1H below
finished gradeor, for roadways, itstop shall benolower than
anelevation of 1' (0.3 m) bel ow the bottom of the pavement
base material .

Only Type2and 3installationsare availablefor horizontal
elliptical, vertical elliptical and arch pipe.

Soil in the outer bedding, haunch and lower side zones
except for installation Type 3 shall be compacted to at least
the same compaction as the mgjority of soil in the over fill
zone.

The trench width shall be wider than shown if required for
adequate space to attain the specified compaction in the
haunch and bedding zones.

For trench walls that are within 10 degrees of vertical, the
compaction or firmness of the soil in the trench walls and
lower side zone need not be considered.

For trench walls with greater than 10-degree slopes that
consist of embankment, the lower side shall be compacted
toat least the same compaction asspecified for thesoil inthe
backfill zone.

Section17  SoiL-ReiINFORCED CONCRETE STRUCTURE INTERACTION SYSTEMS

+ + + + + + + +



&

BRIDGE DEsiGN SpeciFicaTions ¢ ApriL 2000

a/&ans

17.4.4.2 Loads
17.4.4.2.1 Earth Loads and Pressure
Distribution

Theeffectsof soil-structureinteraction shall betaken
into account and shall be based onthedesign earth cover,
sidefill compaction, and bedding characteristics of the
pipe soil installations.

17.44.2.1.1 Sandard Installations

For the Standard Installations given in 17.4.3.1, the
earth load, Wg, may be determined by multiplying the
prismload (weight of the column of earth) over the pipes
outside diameter by the soil-structureinteraction factor,
Fe, for the specified installation type.

We=FawBH (17-1)

Standard Installations for both embankments and
trenches shall be designed for positive projection, em-
bankment loading conditions where Fe = VAF given, in
Figure 17.4A for each Type of Standard Installation.

For Standard Install ationsthe earth pressure distribu-
tion shall be the Heger pressure distribution shown in
Figure 17.4A for each type of Standard Installation.

The unit weight of soil used to calculate earth load
shall be the estimated unit weight for the soils specified
for thepipe-soil installation and shall not belessthan 110
Ibs/cu. ft. (1201bs/cu. ft for pipedesigned by theindirect
method)

17.4.4.2.1.2 Non-Standard
Installations

When nonstandard installations are used, the earth
load onthestructureshall betheprismload (PL). Theunit
weight of soil shall be1401bs/cu. ft. Pressuredistribution

Section17  SoiL-ReINFORCED CONCRETE STRUCTURE INTERACTION SYSTEMS

shall bedetermined by anappropriate soil-structureinter-
actionanalysis. SeeFigure17.4Ffor suggested pressure
distributions.

17.4.4.2.2  Pipe Fluid Weight

Theweight of fluid, Wt inthepipeshall beconsidered
in design based on afluid weight of 62.4 |bs/ft3, unless
otherwisespecified. For Standard I nstallations, thefluid
weight shall be supported by vertical earth pressure that
is assumed to have the same distribution over the lower
part of the pipe asgivenin figure 17.4A for earth load.

17.4.4.2.3 Live Loads

Liveloadsshall betheAASHTOHS—Seriestruck load.
Liveloadsshall bedistributed through the earth cover as
specified in Article 6.5. For Standard Installations the
liveload on the pipe shall be assumed to have auniform
distribution across the top of the pipe and the same
distribution across the bottom of the pipe as given in
Figure 17.4A for earth load.

17.4.4.3 MinimumFill

For unpaved areas and under flexible pavements the
minimumfill over precast reinforced concrete pipesshall
betwofeet. For rigid pavementsthisdistanceshall beone
foot.

17.4.4.4 Design Methods

Thestructural designrequirementsof installed precast
reinforced concrete circular pipe for both standard and
nonstandard installations may be determined by either
the Indirect or Direct Method. Elliptical pipe in non-
standard installations may be designed by either the
indirect or direct method. Elliptical pipe in standard
installations, and arch piperegardlessof installationtype
shall be designed by the indirect method.

17-5
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Installation
Type VAF |HAF | Al | A2 A3 A4 | A5 A6 a b c e f u v
1 135| 045]| 062| 073 1.35| 0.19| 0.08| 0.18| 1.40| 0.40| 0.18| 0.08| 0.05| 0.80| 0.80
2 140| 040]| 085| 055| 140| 0.15| 0.08| 0.17| 1.45| 0.40| 0.19| 0.10| 0.05| 0.82]| 0.70
3 140] 037] 105| 035] 140| 0.10| 0.10| 0.17] 1.45| 0.36| 0.20| 0.12| 0.05]| 0.85] 0.60
Notes:

1 VAF and HAF are vertical and horizontal arching factors. These coefficients represent nondimensional total vertical and
horizontal loads on the pipe, respectively. The actual total vertical and horizontal loads are (VAF) X (PL) and (HAF) X
(PL), respectively, where PL is the prism load.

2. CoefficientsA1through A6 represent theintegration of nondimensional vertical and horizontal componentsof soil pressure
under the indicated portions of the component pressure diagrams (i.e., the area under the component pressure diagrams).
The pressures are assumed to vary either parabolically or linearly, as shown, with the nondimensional magnitudes at
governing pointsrepresented by h 1, h,, uhy, vhy, aand b. Nondimensional horizontal and vertical dimensionsof component
pressure regions are defined by ¢, d, e, uc, vd and f coefficients.

3. discalculated as (0.5 c-€)
h, iscalculated as (1.5A1) / (c) (I + u)
hy is calculated as (1.5A2) / [(d) (1 + v) + (2€)].

Figurel7.4A Heger PressureDistribution and Arching Factors
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Standard Embankment Installation

Roachksay
Embankmeni

Bc 4’ Min)

Haunch - Ses
Tabk 17.448

-

* Lower Side - Sea
| | Table 17.44

TR TR T e AT

Bedding - Sea Wiclelle Bedding
Table 17.44 B. 3 boeaty placed ,
uncompactsd bacding

Ciubar Badding material and compaction
aach side, same Equiements a3 haunch.

ﬁz—FDund.:uli:un J

Figure 17.4B

Standard Trench Installation

R oaduuay
Embarkment

Bz i4'Minj

Haunch - Sea
Table 17 44

r— pe e o]

F_TPLD'-'-Er Sick - See

el Tabke 17 44

T T R b TN
Bedding - See B o Midkdlle Badding
Tahle 17 44 i loosaly placed
uncompacbed bedding

Ciuter Bedding malerial and compaction
sach side, s=ame mquiremenis as haunch.

¥ Foundation J
Figure17.4C
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Roadveay e
Embankrment e :
B (Ming

2' min
Haunch - Ses -1
Table 1744 iLcr-ual Side - Sea
SFIIII'IEI Line T-\.'IIL'IH 1744
Roaclweay SRR
Embankrment
} R ERE T B (Min}
Bedlding - See : - )
Table 17.44 Bo/3 ks %ﬁﬂg ;
; uncom pacted beckding
Ciubar Bekding
rmateriats and compaction each Haunch - Ses ] .r
side, same eoquiremeante as haunch  Tahle 17.44 ; ;? Lowar Sicks
: - - . - Sea
F,—Fcuurd:ulu:un Spring Line 5 - Tabk 17.44
Horizontal Elliptical Pipe 3
T
Beddirg - See Micldlle Bedding
Roady SR Table 17.44 Be /2 bosely placed
Ernbankment = uncom pacted
' 7 By (Min) Ciuter Bedding bedding
Haunch - Ses matanals and compaction each
T:-.ma 17.44 Lower Side - Saa sile, same eguirements as haunch
B [ T'|I.'-la1.-4-'.
Spring Line —k -
Foundation
\; *

Vertical Elliptical Pipe
A S

Bedlding - aaa_;
Tabk 17 4A Mlddle Beclding P
losa by placed gen
Chube Eadcllng

uncom pacte beckding Be = Outside Diameier

materiate and compaction each o ; :
side, same equirements as haunch = IBD:IF‘I:ElII::EF?l;Er above

’__,— Foundlation J
Arch Pipe

Figure 1740 Trench Beddings, Miscellaneous Shapes
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Roacke oy Embankment

2 min o EL' (Bdin
Haunch - See
Table 17 44 Lower Side - See
Spring Line -—-:;\\ ‘/_T:lhla 17 44
L
i R e AT P A R
ks A
— R = V’ﬁ_ = i Rioackvay Ermban ke nt i
sdding - Ses | Mickl ke Becldling
Tahk 17 44 EL' 3 bnsal;.- Fll-\.-cad 2t min Bi_' BL_ (Mins
. unco mpactes] bacding = o o
et Bedding

materiake and compaction each
side, same requirements as haunch

Ff—Fnund:uli\:in

TR ES;S%S;‘J& GE3 i

Roadvway Embankment

2 miin B B'_-”'\n"”rll Tabk 17.44

Haunch - Ses i .
Table 17 44 Lovevet a_::ﬂai - Saa
Spring Line — Tabke 17 4A

4
[

B I el x
Bexlding - Seah’; YS _ _
Tahble 17 .44 B3 Fickl le Beclding

oceaty placed

Haunch - Sea
_ Table 17 .44

Horizontal Elliptical Pipe Epring Linel ——k

H Backling - Sesa 1

Fdickl ke Beckding
oz by placed

| Bc 3
uncompacted

Cuter Bedding bedding
materiak and compaction each
side, samea reduiemeants 2= haunch

——Fourdation J

Vertical Elliptical Pipe

Culer Bedding uneampacted becding

materiale and compaction each
sile, same requiements as haunch

f’_FDU rclation J

Leqend
B = Outside Diameter

H = Backlill cover abowe
top of pipe

Arch Pipe

Figure 17.4E Emhankiment Beddings, Miscellaneous Shapes
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17.4.5 Indirect Design Method Based on
Pipe Strength and Load-Carrying
Capacity
17.45.1 Loads

The design load-carrying capacity of a reinforced
concrete pipe must equal the design load determined for
the pipe asinstalled, or

E1206W, + W, W, §

D=g-ue a 17-2
€S 06 Bre Br ( )
where:

D = D-load of the pipe (three-edge-bearing test
load expressed in pounds per linear foot per
foot of diameter) to produce a 0.01-inch
crack. For Type 1 installations, D-load as
calculated above shall be modified by mul-
tiplying by an installation factor of 1.10;

S = internal diameter or horizontal span of the
pipe in inches;

B = beddingfactor, See Article17.4.5.2;

Bre = earthload bedding factor;

BrL= liveload bedding factor;

Wr = WE+W(;

Wr = total load on the pipe as determined accord-
ingto Article 17.4.4;

Wt = earthload on the pipe as determined accord-
ingto Article 17.4.4;

Wg = fluidload in the pipe as determined accord-
ingto Article 17.4.4.2.2;

WL = liveloadonthepipeasdetermined according
toArticle17.4.4.

17-10

Table17.4B Design Valuesof Parametersin
BeddingFactor Equation

Vaues | Typeof | Values| Projection| Values

Pipe Shape | of Cp | Bedding | of Cy Ratio of X
Horizontal Type2 | 0.630 0.9 0.421
Elliptical 1.337 0.7 0.369
And Arch Type3 | 0.763 05 0.268
0.3 0.148
Type2 | 0.516 0.9 0.718
Vertica 0.7 0.639
Elliptica | 1921 | Type3 | 0615| 05 | 0457
0.3 0.238

Table17.4C Bedding Factorsfor Circular Pipe

Standard Installations
PipeDiameter,in.| Typel Type2 Type3
12 4.4 32 25
24 4.2 3.0 24
36 4.0 29 23
72 338 28 22
144 3.6 2.8 22
Note:

1 For pipe diameters other than listed, embankment
condition bedding factors, B can be obtained by
interpolation.

2. Bedding factors are based on soils being placed with
theminimum compaction specifiedin Table17.4A for
each Standard Installation.
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Table17.4D Bedding FactorsBy_ | for HS20 Live L oadings
Pipe Diameter, in
Fill Height, Ft 12 24 36 48 60 72 84 96 108 120 144
0.5 2.2 17 14 13 13 11 11 11 11 11 11
1.0 2.2 2.2 17 15 14 13 13 13 11 11 11
15 2.2 2.2 2.1 18 15 14 14 13 13 13 11
2.0 2.2 2.2 2.2 2.0 18 15 15 14 14 13 13
25 2.2 2.2 2.2 2.2 2.0 18 17 15 14 14 13
3.0 2.2 2.2 2.2 2.2 2.2 2.2 18 17 15 15 14
35 2.2 2.2 2.2 2.2 2.2 2.2 19 18 17 15 14
4.0 2.2 2.2 2.2 2.2 2.2 2.2 2.1 19 18 17 15
45 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.0 19 18 17
5.0 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.0 19 18
55 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.0 19
6.0 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.1 2.0
6.5 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

Note: For pipe diameters other than listed, B | values can be obtained by interpolation.

17.4.5.1.1 Ultimate D-load

The required D-load at which the pipe develops its
ultimate strength in a three-edge-bearing test is the de-
sign D-load (at 0.01-inch crack) multiplied by astrength
factor that is specified in AASHTO material s specifica-
tionsM 170 or M 242 (ASTM C 76 or C 655) for Circular
pipe, M 206 (ASTM C 506) for Arch Pipe and M 207
(ASTM C507) for Elliptical Pipe.

17.4.5.2 Bedding Factor

The bedding factor, By, isthe ratio of the supporting
strength of buried pipe to the strength of the pipe deter-
mined in the three-edge-bearing test. The supporting
strength of buried pipe depends on the type of Standard
Installation. Seefigures17.4B and17.4Cfor circular pipe
andfigures17.4D and 17.4E for other arch and elliptical
shapes. Table17.4A appliesto circular, archand ellipti-
cal shapes.

17.4.5.2.1 Earth Load Bedding Factor for
Circular Pipe

Earth load bedding factors, By, for circular pipe are
presented in Table 17.4C.

Section17  SoiL-ReINFORCED CONCRETE STRUCTURE INTERACTION SYSTEMS

17.4.5.2.2 Earth Load Bedding Factor for
Arch and Elliptical Pipe

The bedding factor for installations of arch and ellip-
tical pipe, Figures 17.4D and 17.4E, is:

_ Ca
Cy - Xq

fe

(17-3)

Valuesfor Ca and Cy arelistedin Table 17.4B.

Ca = aconstant corresponding to the shape of the
pipe;

Cy = aparameter whichisafunction of thedistribu-
tion of thevertical load and vertical reaction;

X = aparameter whichisafunction of the areaof
thevertical projection of the pipe over which
lateral pressureiseffective;

g = theratioofthetotal lateral pressuretothetotal

vertical fill load. Designvaluesfor Ca,Cy,and
x arefoundin Table17.4B. Thevalueof qis
determined by the following equations:
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Arch and Horizontal Elliptical Pipe:

q= 23—S’i+ 35p— Bcg

(17-4)
Vertical Elliptical Pipe:
Bco
q= 48—S’i+ 73 (17-5)
where:
p = projectionratio, ratio of thevertical distance

between the outside top of the pipe and the
ground or bedding surface to the outside
vertical height of the pipe;

17.4.5.2.3 Live Load Bedding Factor

Thebeddingfactorsforliveload, W/, for both Circular
pipe and Arch and Elliptical pipe are given in Table
17.4D. If BreislessthanBy | useByeinstead of By | forthe
live load bedding factor.

17.4.5.2.4 Intermediate Trench Widths

For intermediate trench widths, the bedding factor
may be estimated by interpolation between the narrow
trench and transition width bedding factors.

17.4.6 Direct Design Method for Precast
Reinforced Concrete Circular Pipe

17.4.6.1 Application

This Specificationisintended for usein direct design
of precast reinforced concretepipeandisbased ondesign
of pipewall for effects of loadsand pressure distribution
forinstalled conditions. Standard dimensionsare shown
inAASHTO Material Specification M170. Designwall
thicknesses other than the standard wall dimension may
beused provided the design complieswith all applicable
requirements of Section 17.

17-12

17.4.6.2 General

Design shall conform to applicable sections of these
specifications, except as provided otherwisein this sec-
tion.

Thetotal load onthe pipeshall be determined accord-
ingto Article 17.4.4 and Table 3.22.1A.

The pressure distribution on the pipe from applied
loads and bedding reaction shall be determined from a
soil-structure analysis or shall be arational approxima-
tion. Acceptable pressure distribution diagrams are the
Heger Pressure Distribution (see Figure 17.4A) for use
with the Standard Installations; the Olander/Modified
Olander Radial Pressure Distribution (see Figure 17.4
F(a) or the Paris’Manual Uniform Pressure Distribution
(see Figure 17.4 F(b). For bedding angles and lateral
pressuresusedwiththelatter distributionsseeFigure 17H
through Figure 17J.

For use with the Heger Pressure Distribution, three
Typesof Standard Embankment install ations, soil types,
and compaction requirements are depicted in Figures
17.4B through 17.4E and Table 17.4A.

Other methodsfor determiningtotal |oad and pressure
distribution may be used, if based on successful design
practiceor teststhat refl ect the appropriate design condi-
tion.

v ¥ ¥ ¥
ot

Figure17.4F
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Top of Embankment
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|
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fo
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|

W =Fy, wBc H

Figure17.4G General Relationship of Vertical
Earth Load and L ateral Pressure

17.4.6.3 Strength-Reduction Factors

Strength-reduction factors for load factor design of
plant made reinforced concrete pipe may betakenas 1.0
for flexure (f ;) and 0.9 for shear (f ) and radial tension
(f ). Fortypelinstalations, thestrength-reductionfactor
shall be 0.9 for flexure and 0.82 for shear and radial
tension.

17.4.6.4 Process and Material Factors

Processand material factors, F, for radial tension and
Fvpfor shear strength for |oad factor design of plant made
reinforced concrete pipeareconservatively takenas1.0.
Higher values may be used if substantiated by appropri-
ate test data approved by the Engineer.

17.4.6.5 Orientation Angle

When quadrant mats, stirrups and/or elliptical cages
are used, the pipe installation requires a specific
orientaion. Designs shall be based on the possibility of
arotation misorientation during install ation by an Orien-
tation Angle of 10 degreesin either direction.

Section17  SoiL-ReINFORCED CONCRETE STRUCTURE INTERACTION SYSTEMS

17.4.6.6 Reinforcement

17.4.6.6.1 Reinforcement for Flexural

Strength
f 2 o1
As =& d- Ny - yolglf ()~ Ny (@ d- h)- 2m, |22
e afy
(17-6)
where g = 0.85bf¢
b=12in.
17.4.6.6.2 Minimum Reinforcement
For inside face of pipe:
b
As = (s 0Py (a7-7)
whereb=12in.
For outside face of pipe:
A - e 2
Ag —0.60352(3 +h) /(fy) (17-8)

whereb=12in.

For elliptical reinforcement in circular pipe and for
pipe 33-inch diameter and smaller with a single cage of
reinforcement in the middle third of the pipewall, rein-
forcement shall not belessthan Ag, where:

.
As=250 08 +hPif) (79

whereb=12in.

where:
h = wall thickness in inches;
S = internal diameter or horizontal span of

pipe in inches.

In no case shall the minimum reinforcement be less
than 0.07 square inches per linear foot.
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17.4.6.6.3 Maximum Flexural
Reinforcement Without Stirrups

17.4.6.6.3.1 Limited by Radial

Tension

gers rpf gg—a —/

Inside As max™

(17-10)
Asmax = maximumflexura reinforcement areawith
)
out stirrups '”-A whereb=12in.
Frt = 1+0.00833(72-S)
For12in£Si £72in.
17-16

Fro = 1.0unlessahigher valuesubstantiated by

test datais approved by the Engineer;

@44-sF e

Fe = 6000

For 72in.< §=144in.

0.8for S >144in.

s radiusof theinsidereinforcementininches.

17.4.6.6.3.2 Limited by Concrete
Compression

%55 10%g¢,dU 0
gem 0.75Ny /(y) (17-11)
&8 y @ P

Asmax
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where:
(f¢- 4,000)u

é
C¢=bf .85- 0.05
ge=biéed 1000 4

g¢=0.85bf { and gf,i, =0.65bf §

17.4.6.6.4 Crack Width Control (Service

Load Design)
gMS+ Nsa% DQ 3
- ] é e 2p Cybh2, ffgd
@ ~30,000f ; dA & ij ! u
e U
& u
(17-12)

Cover for crack control analysisisassumedtobelin.
over thetensionreinforcement, evenif itisgreater orless
than 1 in. The crack control factor F¢; in equation 17-12
indicates the probability that a crack of a specified
maximum width will occur.

WhenF. =1.0,thereinforcement area, A, will produce
an average crack maximum width of 0.01 inch. For F
valueslessthan 1.0, the probability of a0.01 inch crack
isreduced. For F, valuesgreater than 1.0, theprobability
of acrack greater than 0.01 inch isincreased.

where:

Fo = crack control factor
M = bending moment, service load;
Ns = thrust (positivewhen compressive), serviceload.

If the service load thrust, N, is tensile rather than
compressive (thismay occur in pipessubject tointermit-
tent hydrostatic pressure), use the quantity (1.1Mg —
0.6Ndd) (with tensile Ng taken negative) in place of the
quantity ([Ms+ Ng(d —h/2)]/ji) in Equation (17-12).

] €0.74+0.1¢e/d;
imax =0.9;
A
1. 1d
e
e =%+d-h,in.
Ng 2

if e/d <1.15 crack control will not govern.
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th = clear cover over reinforcement in inches
h =wall thickness of pipeininches;

B| = 31/tb32/2n

where:
s, = spacing of circumferential reinforcement, in.
n = 1,whentensionreinforcementisasinglelayer.
n = 2, whentension reinforcement is made of
multiple layers.
C,=Crack Control Coefficient
Typeof Reinforcement: C
1. Smooth wire or plain bars 1.0

2. Welded smooth wire fabric, 8in. (200mm)
maximum spacing of longitudinals 15

3. Welded deformed wire fabric,
deformed wire, deformed bars or
any reinforcement with stirrups
anchored thereto. 19
Notes: Higher values for C; may be used if substantiated by
test data and approved by the Engineer.

17.4.6.6.5 Shear Srength

The areaof reinforcement, A, determined in Article
17.4.6.6.10r 17.4.6.6.4must becheckedfor shear strength
adequacy, so that the basic shear strength, Vy, isgreater
than the factored shear force, V., at the critical section
located where M p/Vd = 3.0. |

- eRhv O
Vy, = bf VdFVp\/E@(l.h 63r )@ ‘;:C g (17-13)
where
Vp = shear strength of section where
Mn/Vod = 3.0;
Fup = 1.0unlessahigher value substantiated by
test datais approved by the Engineer;
AS
]
rmax = 0.02;
fdmax = 7,000 psi;
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16
= 08+—
Fq d
max Fq = 1.3 for pipe with two cages, or asingle
elliptical cage
max Fq = 1.4for pipethrough 36-inch diameter with
asinglecircular cage
d
= 1+—
Fe 2r

(+) tension on theinside of the pipe
(- tension on the outside of the pipe

For compressivethrust (+ N):

Ny
_ 1+
AN = 275 00000

whereb=12in.

For tensilethrust (-Ny):

Ny

= 1+
P 500bh

whereb=12in.
My = My-Ny

If VyislessthanV ., radial stirrupsmust be provided.
SeeArticlel7.4.6.6.6.

17.4.6.6.6 Radial Stirrups

17.4.6.6.6.1 Radial Tension
Stirrups
1.15, (M, - 0.45N,f ,d)
A, =
v ford d (17-14)
where:
Ay = required areaof stirrup reinforcement for
radial tension;
s, = circumferential spacing of stirrups
(Sv max = 0.75f ,d);
fy, = maximum allowable strength of stirrup

material (fmax = fy, Or anchorage strength
whicheverisless).

17-18

17.4.6.6.6.2 Shear Sirrups

_ 1Is,
VSTE £ 4 [Vch ) Vc] (17-15)
VS Vv
where:
Ays = requiredareaof stirrupsfor shear
reinforcement;
\A = factored shear force at section;
a4V,
Ve = 7M o1
v,d
Vemax = 2f ybd,[f g
S/max = 0.75f ,d
fumax = fy or anchorage strength, whichever isless

A conservative approximation of the total required
stirrup areais:
Av=AystAy

17.4.6.6.6.3 Stirrup Reinforcement
Anchorage
17.4.6.6.6.3.1 Radial Tenson
Sirrup Anchorage

When stirrups are used to resist radial tension, they
shall be anchored around each circumferential of the
inside cage to devel op the design strength of the stirrup,
and they shall also be anchored around the outside cage,
or embedded sufficiently in the compression side to
develop the design strength of the stirrup.

17.4.6.6.6.3.2  Shear Stirrup
Anchorage

When stirrups are not required for radial tension but
required for shear, their longitudinal spacing shall be
such that they are anchored around each or every other
tension circumferential. Such spacings shall not exceed
6 inches (150 mm).

Section17  SoiL-ReiINFORCED CONCRETE STRUCTURE INTERACTION SYSTEMS

+



&

BRIDGE DEsiGN SpeciFicaTions ¢ ApriL 2000

a/&ans

17.4.6.6.6.3.3  Stirrup

Embeddment

Stirrups intended to resist forces in the invert and
crownregionsshall beanchored sufficiently intheoppo-
site side of the pipe wall to develop the design strength
of the stirrup.

17.4.6.6.6.3.4  Other
Provisions

Section 8.27, Development of Shear Reinforcement,
does not apply to pipe designed according to provisions
of Section 17.4.5.

17.4.7 Development of Quadrant Mat
Reinfor cement
17.4.7.1 When the quadrant mat reinforcement

isused, theareaof the continuous main cagesshall beno
lessthan 25% of thearearequired at the point of maximum
moment.

17.4.7.2 In lieu of 17.4.7.1, a more detailed
analysis may be made.

17.4.7.2.1 For quadrant mat reinforcement con-
sisting of welded smooth wire fabric, the outermost
longitudinalsoneach end of thecircumferentialsshall be
embedded: (a) past the point where the quadrant rein-
forcement isno longer required by the orientation angle
plusthegreater of 12 circumferential wirediametersor %
of thewall thickness of the pipe, and (b) past the point of
maximumflexural stressby theorientationangleplusthe
development length, Lg.

Awrfy

T

but not less than :

Ld =S +1

The mat shall contain no lessthan 2 longitudinals at
adistance one inch greater than that determined by the
orientation angle from either side of the point requiring
themaximum flexural reinforcement.

Section17  SoiL-ReINFORCED CONCRETE STRUCTURE INTERACTION SYSTEMS

The point of embeddment of the outermost
longitudinals of the mat shall be at least a distance
determined by the orientation angle past the point where
the continuing reinforcement is no less than the double
arearequiredfor flexure.

17.4.7.2.2 For quadrant mat reinforcement con-
sisting of deformed bars, deformed wire, or welded wire
fabric (a) circumferentials shall extend past the point
wherethey arenolonger required by theorientationangle
plus the greater of 12 wire diameters or % of the wall
thickness of the pipe. (b) The circumferentials shall
extend on either side of the point of maximum flexural
stress not less than the orientation angle plus the devel-
opment length L grequired by equation 17-17 and(c) they
shall extend at least a distance determined by the orien-
tation angle past the point where the continuing rein-
forcement is no less than double the area required by
flexure.

| 0.03dsf Ay
Sy
AuayTé

but not less than:

(17-17)

fy
Ld =0.015d, ——

Jie
17.5 REINFORCED CONCRETE ARCH,
CAST-IN-PLACE

17.5.1 Application

This specification isintended for usein the design of
cast-in-place reinforced concrete arches with the arch
barrel monolithic with each footing. A separate rein-
forced concrete invert may be required where the struc-
tureis subject to scour.
17.5.2 Materials
17.5.2.1 Concrete
Concrete shall conformto Article 8.2.

17.5.2.2 Reinforcement

Reinforcement shall meet theregquirementsof Article
8.3.
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17.5.3 Design
17.5.3.1 General Requirements

Designshall conformtothese specificationsexcept as
provided otherwiseinthis Section. For designloadsand

+| loading conditions, see Article 3.2 and Section 6. For

reinforced concrete design requirements see Section 8.
17.5.3.2 Minimum Cover

Theminimumfill over reinforced concretearchesshall

+ | be 2 feet or Span /8.

+

17.5.3.3 Strength-Reduction Factors

Strength reduction factors for load factor design of
cast-in-placearchesmay betaken as0.90for flexureand
0.85for shear.

17.5.3.4 Splices of Reinforcement

Reinforcement shall be in conformity with Article
8.32. If lap splicing isused, laps shall be staggered with
aminimum of onefoot measured alongthecircumference
of thearch. Tiesshall beprovided connecting theintrados
and extrados reinforcement. Ties shall be at 12-inch
maximum spacing, in both longitudinal and circumferen-
tial directions, except as modified by shear.

17.5.3.5 Footing Design
Design shall include consideration of differential

horizontal and vertical movementsandfooting rotations.
Footing design shall conform to Article 4.4.

17.6 REINFORCED CONCRETE BOX,
CAST-IN-PLACE
17.6.1 Application

The specification isintended for use in the design of
cast-in-place reinforced concrete box culverts.

17-20

17.6.2 Materials

17.6.2.1 Concrete

Concrete shall conform to Article 8.2 except that
evaluation of f§{ may be based on test beams.

17.6.2.2 Reinforcement

Reinforcement shall meet therequirementsof Article
8.3 except that for welded wirefabric ayield strength of

65,000 psi may be used. For wirefabric, the spacing of
longitudinal wires shall be a maximum of 8 inches.

17.6.3 Concrete Cover for Reinforcement

Theminimum concrete cover for reinforcement shall
conformtoArticle8.22. Thetopslabshall beconsidered
abridge slab for concrete cover considerations.

17.6.4 Design
17.6.4.1 General Requirements
Designsshall conform to applicable sections of these
specifications except as provided otherwisein this sec-

tion. For designloadsand|oading conditionssee Section
3. For distribution of concentrated | oadsthrough earth for

culvertswith2feet or lessof cover seeArticle3.24.3, Case |+

B, andfor requirementsfor bottomdistributionreinforce-
ment intop slabsof such culvertsseeArticle3.24.10. For
distribution of wheel loads to culverts with more than 2
feet of cover see Article 6.5. For reinforced concrete
design requirements see Section 8.

17.6.4.2 Deleted

17.6.4.3 Distribution of Concentrated
Load Effects to Bottom Slab

Concentrated wheel |oadsmay bedistributed over the
full width of the bottom slab transversely and over 7'
longitudinally.

17.6.4.4 Distribution of Concentrated
Loads in Skewed Culverts

Wheel 10ads on skewed culverts shall be distributed
usingthesameprovisionsasgivenfor culvertswithmain
reinforcement parallel totraffic.

Section17  SoiL-ReiINFORCED CONCRETE STRUCTURE INTERACTION SYSTEMS
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17.6.4.5 Span Length

For span length see Article 8.8, except when mono-
lithic haunchesincluded at 45 degreesare consideredin
the design, negative moment reinforcement in wallsand
slabsmay be proportioned based on the bending moment
where the depth of the haunch equals 1.5 times the
thickness of the member.

17.6.4.6 Strength Reduction Factors

Strength reduction factorsfor load factor design may
betakenas0.9for combined flexureand thrust and as0.85
shear.

17.6.4.7 Crack Control

The serviceload stress should be computed consider-
ing the effects of both bending moment and thrust using:

M+ N - 29
fo= € <0 (17-18)
= (AsJ|d)
where:
fss = stressin reinforcement under serviceload
conditions, psi
e = MyNgt+d-h/2
edmin. = 1.15
i = 1/(1-(jd/e)

i 0.74+0.1(e/d) <= 0.9

The maximum allowable service load stress in the
reinforcing steel for crack control shall be:

155
fo= £ 0.6fy ksi
ST RaA y (17-19)
b —: + de [II

0.7d4

b = approximate ratio of distance from the neutral
axis to the location of the crack width at the concrete
surfacedivided by thedistancefromtheneutral axistothe
centroid of tensilereinforcing.

d. = distance measured from the extreme tension
fiber tothe center of theclosest bar or wireininches. For

Section17  SoiL-ReINFORCED CONCRETE STRUCTURE INTERACTION SYSTEMS

calculation purposes, the thickness of clear concrete
cover used to compute d; shall not be taken greater than
2 inches.

17.6.4.8 Minimum Reinforcement

Minimum reinforcement shall be provided in accor-
dancewith Article8.17.1 at all cross sections subject to
flexural tension, includingtheinsidefaceof walls. Shrink-
ageandtemperaturereinforcement shall be provided near
theinside surfaces of wallsand slabsin accordance with
Article8.20.

17.7 REINFORCED CONCRETE BOX,
PRECAST

17.7.1 Application

This specification is intended for use in design of
precast reinforced concrete box sections. Boxesmay be
manufactured using conventional structural concrete
and forms (formed) or with dry concrete and vibrating
form pipe making methods (machine-made). Standard
dimensionsareshownin AASHTO Materials Specifica-
tion M 259, and M 273.

17.7.2 Materials

17.7.2.1 Concrete

Concrete shall conform to Article 8.2 except that
evaluation of f§{ may be based on cores.

17.7.2.2 Reinforcement

Reinforcement shall meet theregquirementsof Article
8.3 except that for welded wirefabric ayield strength of
65,000 psi may be used. For wire fabric, the spacing of
longitudinal wires shall be a maximum of 8 inches.
17.7.3 Concrete Cover for Reinforcement

Theminimum design concretecover for reinforcement
in boxes reinforced with wire fabric shall be 1 inch.
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17.7.4 Design
17.7.4.1 General Requirements

Design shall conform to applicable sections of these
specifications except as provided otherwise in this Sec-
tion. For designloadsand|oading conditionssee Section
3. For distribution of wheel loadsto culvert slabswith 2
feet or less of cover see Article 3.24.3, Case B, and for
requirements for bottom reinforcement in top slabs of
such culverts see Article 3.24.10. For distribution of
wheel | oadsto cul vert slabswith morethan 2 feet of cover,
seeArticle6.4.

For reinforced concrete design requirements see Sec-
tion 8. For span length see Article 8.8, except asnoted in
Article17.7.4.5.

17.7.4.2 Deleted

17.7.4.3 Distribution of Concentrated
Load Effectsin Sides and
Bottoms

Thewidth of thetop slab strip used for distribution of
concentrated wheel loads shall also be used for determi-
nati on of bending moments, shearsandthrustsinthesides
and bottom.

17.7.4.4 Distribution of Concentrated
Loads in Skewed Culverts

Wheel 10ads on skewed culverts shall be distributed
usingthesameprovisionsasgivenfor culvertswithmain
reinforcement parallel totraffic.

17.7.4.5 Span Length

When monolithic haunchesinclined at 45 degreesare
taken into account, negative reinforcement in walls and
slabsmay be proporti oned based on the bending moment
where the depth of the haunch equals 1.5 times the
thickness of the member.

17.7.4.6 Strength Reduction Factors
Strength reduction factors for load factor design of

machine-madeboxesmay betakenas1.0for moment and
0.9for shear.
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17.7.4.7 Crack Control

Theserviceload stress should be computed consider-
ing the effects of both bending moment and thrust using:
My + NSZ% - 22
fos = —ad (17-20)
where:
fss = gtressinreinforcement under service
load conditions, psi
e = MgNg+d-h/2
edmin. = 1.15
i = U(1-(jdle)
j = 0.74+0.1(e/d)<=0.9

The maximum service load stress in the reinforcing
steel for crack control shall be:

L s (17-22)
3Jd.A

fg=

17.7.4.8 Minimum Reinforcement

Theprimary flexural reinforcement inthedirection of
the span shall provide a ratio of reinforcement area to
grossconcreteareaat |east equal to 0.002. Suchminimum
reinforcement shall be provided at al cross sections
subjecttoflexural tension, at theinsidefaceof walls, and
in each direction at the top of slabs of box sections with
lessthan 2 feet of fill. The provisions of Article 8.20 do
not apply to precast concretebox sections, except if units
of unusual length (over 16 ft.) are fabricated, the mini-
mum longitudinal reinforcement for shrinkage and tem-
perature should be as provided in Article 8.20.

17.7.4.9 Shear Transfer in Transverse +
Joints Between Culvert Sections +

For boxes with less than 2 feet of cover, the top slab +
joint shall either conform to the edge beam requirements +
of Article3.24.8, or becapableof transferringaminimum +
shear |oad of 3,000 poundsper linear foot of topslabjoint. +

Section17  SoiL-ReiINFORCED CONCRETE STRUCTURE INTERACTION SYSTEMS




+

&

BRIDGE DEsiGN SpeciFicaTions ¢ ApriL 2000

a/&ans

If individual shear connectors are used, they shall be
spaced at no morethan 2.5feet on center withaminimum
of of 2 connectors per joint.

17.8 PRECAST REINFORCED
CONCRETE THREE-SIDED
STRUCTURES

17.8.1 Application

This specification is intended for use in design of
precast reinforced concrete three-sided structures sup-
ported on a concrete footing foundation. Units may be
manufactured using conventional structural concrete
and forms (formed) or machine made using low slump
concrete and vibrating forms.

17.8.2 Materials

17.8.2.1 Concrete

Concrete shall conform to Article 8.2 except that
evaluation of f§ may also be based on cores.

17.8.2.2 Reinforcement

Reinforcement shall meet therequirementsof Article
8.3 except that for welded wirefabric ayield strength of
65,000 psi may be used. For wirefabric, the spacing of
longitudinal wires shall be a maximum of 8 inches.
Circumferential welded wire fabric spacing shall not
exceed a4-inch maximum and a 2-inch minimum. Pre-
stressing if used, shall be in accordance with Section 9.

17.8.3 Concrete Cover for Reinforcement

The minimum concrete cover for reinforcement in
precast three-sided structures reinforced with welded
wirefabric shall be 1inch.

17.8.4 Geometric Properties

The shape of the precast three-sided structures may
vary inspan, rise, wall thickness, haunch dimensionsand
curvature. Specific geometric properties shall be speci-
fied by the manufacturer. Wall thicknesses, however,
shall beaminimum of 8inchesfor spansunder 24 feet and
10 inchesfor 24-foot spans and larger.
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17.8.5 Design
17.8.5.1 General Requirements

Designsshall conformto applicable Sections of these
specifications except as provided otherwise in this Sec-
tion. For designloadsand|oading conditionssee Section
3. For distribution of wheel loads to culvert surfaces
under 2 feet and less of cover see Article 3.24.3, CaseB.
For requirementsfor bottom reinforcement intop slabsof
such culverts see Article 3.24.10. For distribution of
wheel loads to culvert surfaces with more than 2 feet of
cover, seeArticle6.5.

For reinforced concrete design requirements see Sec-
tion 8 and for prestress concrete design requirementssee
Section 9. For spanlength seeArticle8.8, except asnoted
in Article 17.8.5.5. Design analysis shall be based on a
pinned (hinged) connection at the footing and take into
account footing movement, see Article 17.8.5.10.

Distribution of Concentrated
Load Effectsin Side

17.8.5.2

Thewidth of thetop slab strip used for distribution of
concentrated wheel loads shall also be used for determi-
nation of bending moments, shears and thrusts in the
Sides.

17.8.5.3 Distribution of Concentrated
Loadsin Skewed Culverts

Wheel 10ads on skewed culverts shall be distributed
usingthesameprovisionsasgivenfor culvertswithmain
reinforcement parallel to traffic. For culvert elements
with skews greater than 15°, the effect of the skew shall
be considered in analysis.

17.8.5.4 Shear Transfer in Transverse
Joints Between Culvert Section

Each precast three-sided structure is analyzed inde-
pendently with no shear or stress transfer assumed be-
tween sections. Asno shear transfer isassumed between
sections, distribution width for a wheel load must be
limited to the unit width. For structures with 2 feet and
lessof cover, thetop slab shall conformtotheedgebeam
requirements of Article 3.24.8 unlessit isdesigned by a
finite element method in which casethe moment applied
totheonefoot edge section shall be 60% greater than that
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calculated. Flat top structures with shallow cover may
experiencedifferential deflection of adjacent unitswhich
can cause pavement crackingif ashear key isnot utilized.

17.8.5.5 Span Length

When monolothic haunchesinclined at 45 degreesare
taken into account, negative reinforcement in walls and
slabsmay be proportioned based on the bending moment
where the depth of the haunch equals 1.5 times the
thickness of the member.

17.8.5.6 Strength Reduction Factor

These structures shall be designed by load factor
design and the maximum strength reduction factorsshall
be0.95for combined flexureand thrust and 0.9 for shear.
See Section 8 and Section 9 for factors used for cast-in-
place and prestressed components, respectively.

17.8.5.7 Crack Control

Theserviceload stress should be computed consider-
ing the effects of both bending moment and thrust using:

My + NSZ% . 22
fos :W (17-22)
where:
fss = stressin reinforcement under service load
conditions, psi

e = MJNgt+d-h/2
edmin.= 1.15
i = U(1-(jdle)

i 0.74+0.1(e/d) <= 0.9

The maximum service load stress in the reinforcing

steel for crack control shall be:

_ 98ksi

fs=3 d.A

(17-23)
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17.8.5.8 Minimum Reinforcement

Theprimary flexural reinforcement inthedirection of
the span shall provide a ratio of reinforcement area to
grossconcreteareaat least equal to 0.002. Such minimum
reinforcement shall be provided at al cross sections
subjecttoflexural tension, at theinsidefaceof walls, and
ineachdirection at thetop of slabsof three-sided sections
with2feet andlessof fill. Theprovisionsof Article8.20
do not apply to precast three-sided structures.

17.8.5.9 Deflection Control

Liveload deflection of the top section in three-sided
structures shall not exceed /gy Of the span, except for
sections in urban areas used in part by pedestrians, the
ratio shall not exceed Y/10q0.

17.8.5.10 Footing Design

Design shall include consideration of differential
horizontal and vertical movementsand footing rotations.
Footing design shall conform to Article 4.4.

17.8.5.11 Structure Backfill

Different backfill may be required depending on de-
signassumptions. However, aminimum backfill compac-
tion requirement of 90% rel ative compaction should be
achieved to prevent roadway settlement adjacent to the
structure. A higher backfill compaction density may be
required on structures utilizing a soil-structure interac-
tion system.

17.8.5.12 Scour Protection

Consideration should begivento scour susceptibility.
Footing protection should be designed accordingly.
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